-depen-1.8 Å . Displaying a shape akin to a hammer, the supdent association of the neuronal Ca 2ϩ binding protein 1 pressor region contains a Head subdomain forming (CaBP1) with the first 600 residues of the IP 3 R and found the ␤-trefoil fold and an Arm subdomain possessing it to be responsible for direct activation of the receptor a helix-turn-helix structure. Despite the low protein sequence identity between the first and second ␤-trefoil domains of IP 3 R (14%), the two mIP 3 R1, which corresponds to the suppressor domain of the IP 3 R (IP 3 R sup ), was cloned with an N-terminal T7-domains superimpose well with rmsd of 2.0 Å ( Figure  2D ). One striking difference between the first and second tag and C-terminal poly-His tag. The resulting fusion protein was expressed in E. coli, purified to homogene-␤-trefoil domains is the presence of the helix-turn-helix module between strands ␤4 and ␤5 in the first domain ity, and subjected to crystallization experiments. The crystals of both the native protein and the selenomethioand the presence of a long loop between strands ␤6 and ␤7 in the second domain, which contains the splice nine (Se-Met)-incorporated protein were obtained at room temperature. Three-wavelength multiple anomasite SI (Bosanac et al., 2002). Among all members of the ␤-trefoil protein family whose structures have been lous dispersion (MAD) data were collected on the SeMet crystals and were subsequently used for structure solved, the long helix-turn-helix segment in the IP 3 R sup represents an extremely unusual insertion to its strucdetermination. The final molecular model (comprising residues 7-75 and 82-223) was refined to 1.8 Å resolutural scaffold. tion with a free R value of 23.8 and a conventional R value of 20.5 (structural statistics are summarized in Table 1 (Figures 3C and 3D) . The two polyresidues 90-110 from the entire receptor led to a 100-peptide segments, termed P1 (residues P49-N81) and fold decrease in sensitivity to IP 3 -induced Ca 2ϩ release P2 (residues E106-S128), located at the joint between , 1999) , Using the structures of the IP 3 R ␤-trefoil domains and and some manual manipulation of sequence alignment the structure-based sequence alignment between IP 3 Rs between the two receptors, we derived structure-based and RyRs ( Figure 5A) , models of the two ␤-trefoil dosequence alignments between mIP 3 R1 and human RyR mains of hRyR1 (RyR-␤D1 and RyR-␤D2, respectively) type 1 (hRyR1), which clearly identified two ␤-trefoil dowere generated using Modeller (Sali and Blundell, 1993). mains within hRyR1 ( Figure 5 ). The first domain spans Thirty models were calculated for RyR-␤D1 and RyRresidues 1-210 (E value of 6 ϫ 10 Ϫ6 ), whereas the second ␤D2 independently and a representative model for each encompasses residues 210-393 (E value of 3 ϫ 10 Table S2 ) was digested with XbaI and EcoRI, and compelling clues toward understanding the molecular the PCR product from pET-T604 using primers P-18 and P-20 (Supbasis of MH and CCD mutations.
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-depen-1.8 Å . Displaying a shape akin to a hammer, the supdent association of the neuronal Ca 2ϩ binding protein 1 pressor region contains a Head subdomain forming (CaBP1) with the first 600 residues of the IP 3 R and found the ␤-trefoil fold and an Arm subdomain possessing it to be responsible for direct activation of the receptor a helix-turn-helix structure. The conserved region on in the absence of the IP 3 . In contrast, recent study (Kasri the Head subdomain appeared to interact with the IP 3 et al., 2004b) reported CaBP1 binding to one of the CaM binding core domain and is in close proximity to the binding sites to be Ca 2ϩ independent and CaBP1 serving previously proposed binding sites of Homer, RACK1, as an antagonist rather than an agonist. One of the two calmodulin, and CaBP1. The present study sheds light IP 3 R segments (residues 90-110 and residues 580-600) onto the mechanism underlying the receptor's sensi- Despite the low protein sequence identity between the first and second ␤-trefoil domains of IP 3 R (14%), the two mIP 3 R1, which corresponds to the suppressor domain of the IP 3 R (IP 3 R sup ), was cloned with an N-terminal T7-domains superimpose well with rmsd of 2.0 Å ( Figure  2D ). One striking difference between the first and second tag and C-terminal poly-His tag. The resulting fusion protein was expressed in E. coli, purified to homogene-␤-trefoil domains is the presence of the helix-turn-helix module between strands ␤4 and ␤5 in the first domain ity, and subjected to crystallization experiments. The crystals of both the native protein and the selenomethioand the presence of a long loop between strands ␤6 and ␤7 in the second domain, which contains the splice nine (Se-Met)-incorporated protein were obtained at room temperature. Three-wavelength multiple anomasite SI (Bosanac et al., 2002). Among all members of the ␤-trefoil protein family whose structures have been lous dispersion (MAD) data were collected on the SeMet crystals and were subsequently used for structure solved, the long helix-turn-helix segment in the IP 3 R sup represents an extremely unusual insertion to its strucdetermination. The final molecular model (comprising residues 7-75 and 82-223) was refined to 1.8 Å resolutural scaffold. tion with a free R value of 23.8 and a conventional R value of 20.5 (structural statistics are summarized in Table 1 binding increased the affinity of IP 3 R for IP 3 2-fold, thereBiochemically characterized binding sites for these infore enhancing the sensitivity of the receptor to the IP 3 teracting partners have been mapped onto the current concentration within the cell. Furthermore, deletion of structure of IP 3 R sup (Figures 3C and 3D) , 1999) , Using the structures of the IP 3 R ␤-trefoil domains and and some manual manipulation of sequence alignment the structure-based sequence alignment between IP 3 Rs between the two receptors, we derived structure-based and RyRs ( Figure 5A) , models of the two ␤-trefoil dosequence alignments between mIP 3 R1 and human RyR mains of hRyR1 (RyR-␤D1 and RyR-␤D2, respectively) type 1 (hRyR1), which clearly identified two ␤-trefoil dowere generated using Modeller (Sali and Blundell, 1993). mains within hRyR1 ( Figure 5 ). The first domain spans Thirty models were calculated for RyR-␤D1 and RyRresidues 1-210 (E value of 6 ϫ 10 Ϫ6 ), whereas the second ␤D2 independently and a representative model for each encompasses residues 210-393 (E value of 3 ϫ 10 et al., 2002) . The present structural analysis of IP 3 R and turn-helix motif between the ␤4 and ␤5 strand, which extrudes away from the ␤-trefoil structure. These three our structure-based sequence analysis between IP 3 Rs and RyRs supports the proposal by Ponting (Ponting, domains interact with one another, and the two domain linkers, one connecting the first and second ␤-trefoil 2000) and further suggests that the N-terminal portion of RyRs is comprised of two ␤-trefoil domains in a similar folds and the other joining the second ␤-trefoil fold and the "armadillo"-like domain, dictate the orientation of manner as IP 3 Rs.
It is known that a number of mutations which lead to these three domains with respect to one another. Our mutagenesis analyses provide evidence for the interacmalignant hyperthermia (MH) and central core disease in the interplay between the IP 3 R core and other cellular (Yoshikawa et al., 1999a) and primers containing appropriate substitutions (Supplemental Table S2 Table S2 ) was digested with XbaI and EcoRI, and compelling clues toward understanding the molecular the PCR product from pET-T604 using primers P-18 and P-20 (Supbasis of MH and CCD mutations.
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